578 H2l % X @ K F F Ik Vol.57 No. 2

2023 4F 2 H JOURNAL OF XI"AN JIAOTONG UNIVERSITY Feb. 2023

HOM R AEMX PR Z2 WS ENBRE S

Wik, wIRE, FEG
(PHLAC RIS 3 11 TRE2EBE . 710049, PEZE)

WE:. ATHRFEMIHREEDSSZELBE O ROARE EW FEAZTAINECEAG I AN
EORMEAFALAZME GRS ETAS T IUFAMNEA, A TN 30 ABkhIEH AR T4
FHEA ARG T oa, Fl AT, 44 Sobol #LB M S I ik BT B AL AT R B AR A
PR T HBESH T Torab by Yok, SRAN . BABFHE ERAEERTHIES
FERETEAIANARIE LY E S, o WA@Y Y IGA A TR Z SRR
ERE; B EAMNSAREREGORAAH TREHAEGRS REAGKTHRGEL, RE
WA BEBNTRIARCENYWEZRTIARR LA TN LR, A RHEAEIH
R NGB EANL R IERAKGTFAL, FNT H 0ot 40 3E 4 ab AR | Pri AL, B X AR
WAREGHENLT AL AZERAT 0.9%, TAEBERIAT 2%, BLIA SR 54 7T AR & 4 4215
R 2, Nfn B AR AL A, AR R B R T H LG B Srhib Ak it AR AR @48 5.
K . B et db; dF 43T AR5 F & s Sobol UM 54T AR AR A S ALt

mESES. V232.3 XHIEREG: A

DOI: 10.7652/xjtuxb202302007 X EZHS: 0253-987X(2023)02-0057-10

Analysis on Aerodynamic Sensitivity of Non-Axisymmetric Hub of
Centrifugal Impeller

JI Cheng, HUANG Zhaogian, XI Guang

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To explore the influence of the non-axisymmetric hub on the efficiency, pressure ratio,
mass-flow of choke and flow range of high-pressure-ratio centrifugal impeller, an artificial neural
network (ANN)-based full range prediction model of non-axisymmetric hub is adopted to predict
the influence of non-axisymmetric hub on aerodynamic performance under 30 shape control pa-
rameters. With Sobol sensitivity analysis method, the sensitive parameters that have significant
impact on performance are extracted and studied for their influence on the impeller performance.
The results show that the control of the efficiency, pressure ratio and mass-flow of choke by hub
surfaces mainly depends on the linear superposition of independent effects of each critical parame-
ter. The concave surface of the hub near the impeller inlet is favorable to improve the maximum
efficiency and increase the mass-flow of choke, while the convex surface of the hub near the im-
peller outlet at the channel of pressure side is conducive to the improvement of the maximum effi-

ciency, but it reduces the pressure ratio of the impeller. In contrast, the influence of the hub de-
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formation on the flow range of the impeller is mainly caused by complex high-order interaction of

3 or more parameters. Based on the results of the sensitivity analysis, the values of the control

parameters are manually determined, thereby realizing rapid optimization of the non-axisymmetric

hub of the centrifugal impeller, increasing the isentropic efficiency by 0. 9% and the flow range

by 2% with the designed pressure ratio remaining unchanged. This indicates that the sensitivity

analysis effectively shortens the optimization period and reduces optimization costs. This research

provides directional guidance for the aerodynamic design and optimization of centrifugal impellers

in the future.

Keywords: centrifugal impeller; non-axisymmetric hub; Sobol sensitivity analysis; agency mod-

el; design optimization
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Fig. 2 Stage performance of the baseline impeller
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Fig. 3 Parameterization method of hub
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Fig. 5 Performance prediction results of 6 randomly genera-

ted geometries
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Fig. 6 Main effect and total effect indices of maximum

isentropic efficiency under 30 control parameters
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impeller outlet before and after critical parameters

are changed
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Fig. 16 Hub geometry and deformation contour
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Fig. 17 Performance comparison before and after optimization
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